Abstract. During seven winter seasons (1993/1994-1999/2000) 107 roadside counts (28 km each) in agricultural area of south-western Poland were conducted. From among 1526 Buzzards, 1293 were recorded in winter months (November-February) and 233 in March. Birds were non-randomly distributed on nine vegetation types met along the transect route. Permanent papilionaceous crops, along with cereal stubbles, margin habitats, meadows and maize stubbles were preferentially used, whereas bare tillage and winter cereals were avoided. In general, Buzzards preferred habitats of the least amount in the studied area and avoided those which dominated. These data support the idea of high importance of small landscape structures for the biodiversity protection in intensively used farmland. During winter months, most Buzzards (59.5%) were perched when first sighted, most often on trees and in the middle part of their height. The percent of birds sitting on the ground amounted to 34.7%. The smallest amount of individuals (5.8%) was observed flying (flap-sailing, hovering and soaring), however this activity significantly increased in March (up to 17.1%). The significance of various hunting methods for wintering Buzzards is discussed. Even though it is a typical perch hunting raptor, the method of hunting from the ground seems to be particularly suitable for the conditions of winter farmland: common scarcity of perches, poor and low vegetation, local and temporary prey concentrations.
INTRODUCTION
The Buzzard is the most numerous raptor species in Europe, widespread throughout the continent, and the nominate subspecies is resident or partly migratory (increasingly so, northwards) (Bijlsma 1997) . During winter the species is strongly connected to open habitats, and on prevailing part of the wintering range it inhabits agricultural areas with some trees (Melde 1995) . The bulk of the Buzzard literature dealing with winter ecology has concentrated on estimating population levels (see Mülner 2000 , Boano & Toffoli 2002 , Wuczyński 2003 for reviews). Studies on behavioural ecology and habitat selection of the species are less numerous, and some of them inform on rather general categories of habitats observed, e.g. arable land/grassland (Gamauf 1987 , Kasprzykowski & Rzępała 2002 . One can expect that such an approach may obscure actual requirements of wintering buzzards, and additional preferences may occur inside particular categories, probably expressing food supply and/or its availability. Besides, documentation of various aspects of ecology of birds wintering in agricultural areas is desired particularly in these Central European countries, like Poland, where important changes of the agricultural landscape have been taking place recently. The present and future influence of these changes on wildlife is poorly recognised, however severe threats to biodiversity are noticed right now (Donald et al. 2002) .
My primary objective was to determine whether Buzzards wintering in a selected agricultural area of SW Poland use certain habitats more frequently and avoid others. The second objective was to describe types of behaviour, hunting techniques and perch-site use by this typical perch-hunting predator.
Habitat use and hunting behaviour of Common Buzzards Buteo buteo wintering in south-western Poland

STUDY AREA AND METHODS
The study was carried out in an open, agricultural area of the Wrocław Plain (Lower Silesia, south-western Poland) (50°49'N, 16°51'E). Systematic road survey was established along a busy motor roads: national road No. 384 and international road No. E67. The main habitat characteristics were typical for this part of Poland. Small fields (1-5 ha) of private freeholders predominated, some areas were occupied by larger (5-15 ha) fields. The area was covered by low vegetation, the only wooded areas constituted sparse, small clumps and belts of trees along ditches or roads. Moreover, it is the warmest climatic region of Poland. More precise description of the transect route, weather conditions and relative rodent abundance in the studied years were presented elsewhere (Wuczyński 2003) . Densities of wintering Buzzards in this area were relatively high, but typical for Central Europe. The average density for seven winter seasons (1993/1994-1999/2000) was 2.12 ind./km 2 in November-February and 1.34 ind./km 2 in March (Wuczyński 2003) . Population is partly migratory but the ratio of resident to inflowing birds remains unknown.
I conducted 107 roadside surveys during seven consecutive winters from 1993/1994 through 1999/2000, between November and March. However, 23 March counts were treated separately in this analysis because it is the beginning of the breeding season for many, especially resident Buzzards. Total length of the route was 40 km, but effective counts were conducted on 28 km long segment only (settlements and above 1-km length wooded section were excluded). The route was divided into 18 sections (mean length 1.5 km) fixed by consecutive villages. Birds were counted from the bus or car with the driver, in the morning (between 8:30 and 10:00 AM), on days with good visibility. The duration of a single control was ca. 1 hour. All Buzzards seen on one side of the route within a distance of 250-300 m were counted. Vehicles moved with the speed of 50-70 km/h non-stop during counts, but with short stops between sections (in villages), when most details on birds occurrence were noted. This method, together with the estimation of the degree of accuracy, was widely described in separate work (Wuczyński 2001a) . Although the speed of the vehicles was higher than usually recommended for road transects, it was proved that the detectability of Buzzards amounted to 80-88%. Similarly, Utchik (1988 ( , after Schröpfer 1997 noted, that the travel speed does not influence the quantitative results of the count, unless it rarely exceeds 60 km/h. The misidentification concerned some cases of Roughlegged Buzzard B. lagopus only. However, it could cause a non-significant bias because of the low abundance of this species in Silesia (somewhat less than 1 ind./10 km 2 , Dyrcz et al. 1991 , Lontkowski 1994 . For example, during four precise double counts on the same transect, only two Rough-legged Buzzards were detected, among 109 Buzzards in total (Wuczyński 2001a) .
Field data were recorded using a special form and included general characteristics of the count (e.g. date, time, weather) and details of activity and habitat type of each individual Buzzard. The activities were divided into five categories: perching on raised places, sitting on the ground, flapsailing (usually in a straight line), hovering, and soaring. Perching substrates were characterized as: tree, bush, electricity pole and others -power line, fence post, stack. The number of potential perches was very high, as power lines and rows of trees extended along the whole route. Consequently, a repeated use of exactly the same perch was rarely observed, which prevented data replication. Starting with the winter 1995/1996, the location of each bird in one of the four height levels of the tree was also recorded, i.e. atop, below the top (above 75% of the tree high), in the middle (25-75%), and low (below 25%).
Habitat preferences were analysed in three winters (1993/1994, 1994/1995 and 1995/1996) , when detailed data on land use was collected. Nine vegetation types were distinguished, which represented all available habitats within the counting belt (Table 1) . Percentage of three main types, i.e. winter cereals, bare tillage and winter oilseed rape was calculated based on data obtained in local commune offices and six large holdings situated along transect route. The amounts of the remaining six habitats were established based on own field measurements and on analysis of 1:25 000 maps. Although crops rotated during the three winters, the area percentages remained constant, thus the average values (expressing habitat availability) were used in calculations. Habitat use was described for 659 Buzzards observed along the route, except flapsailing and soaring birds. Habitats observed around each Buzzard were scored, taking into account a radius of 100 m which is the maximum attack distance of the perch hunting Buzzards (n = 241 attacks, longer distance was observed in two cases only, A. Wuczyński, unpubl.) . When the bird was recorded over one habitat type, it received the score 1, when more than one habitat type was situated within the above distance, each of them received an adequate fraction of the score 1 (i.e. 0.5 by two habitat types, 0.3 by three types and 0.25 by four types). Then, scores for each habitat type were counted up (= actual sums) and compared with expected values based on habitat availability. Habitat preferences were expressed by quotient between actual and expected sum for each habitat type. Additionally, habitat selection, as well as the selection of hunting techniques in habitat types, were measured using Jacobs' selectivity index (Jacobs 1994) :
where r -denotes the proportion of Buzzard sightings (actual sums) or particular technique use over a given habitat type, and p -the proportion 1993/1994, 1994/1995 and 1995/1996 . The expected values are calculated based on the relative occurrence of each habitat type, shown in the second column. Habitat preferences are expressed as a quotient between the actual and expected sum. Note that these sums relate to scores for each habitat type, and not to the number of individuals (see Methods). 
RESULTS
Habitat use
During the seven-year survey, I recorded 1526 Buzzard sightings, including 1293 sightings in winter months (November-February) and 233 sightings in March. Most birds were recorded in habitats dominating in the study area: ploughed fields, winter cereals and winter rape (in total 54.9% in November-February and 51.5% in March). Least buzzards were seen in scarce habitats (Table 1 ). In March number of sightings on winter rape decreased, and in margin habitats increased, but overall difference in habitat use between March and winter months remained insignificant (χ 2 = 10.54, df = 7, p = 0.15).
For the first three seasons only winter cereals and bare tillage were used less frequently than expected, based on the relative occurrences of these land types (Table 2 ). All the other habitat types were used more frequently than expected, and in general, the null hypothesis of random land-type use was rejected (χ 2 = 979.5, df = 7, p < 0.0001). The strongest preference was revealed for permanent papilionaceus crops (expected value was exceeded above eight times). Actual use of winter rape and "other" habitats was close to expected. The results expressed by Jacobs' preference index are shown on Fig. 1 .
Types of hunting behaviour and perch-site use
In November-February the majority of buzzards (59.5%) perched on raised places when first sighted (Table 3) , percentage of ground sitting individuals was also significant (34.7%), but flying birds were rarely recorded. Lack of soaring buzzards was characteristic (merely one record). Percentage of flying birds significantly increased in March and the overall difference in activity forms between these two periods was highly significant (χ 2 = 37.8, df = 2, p < 0.0001). Since the frequency of different activities reflects the frequency of hunting techniques (Bildstein 1987) , Buzzards wintering in the Wrocław Plain hunted mainly from a perch, to a smaller extent from the ground, and hovering was unimportant method.
Trees were the most frequently used perching substrate (73.6% in November-February and 80.0% in March) (Table 4) . Most perching buzzards were observed in the middle part of the tree height, but percentage of birds perching atop was also considerable during winter months. The difference in perching substrate use between these months and March was not significant (χ 2 = 3.62, df = 3, p = 0.30), but various tree heights were used differently, i.e. more evenly, in March (χ 2 = 11.18, df = 3, p = 0.01).
Frequency of hunting techniques on different habitats
Frequency of both hunting from the ground and perch hunting in habitat types corresponded with the overall habitat preferences in the case of bare tillage and winter cereals (avoidance), and papilionaceus crops, cereal stubbles and meadows (preferential use). Moreover, hunting from the ground was preferentially used in fields with winter oilseed rape, maize stubbles and papilionaceus plants, whereas perch hunting -in meadows, and especially in margin habitats (Table 5 ). The high frequency of perch hunting in the last two habitats was probably supported by the greater 
DISCUSSION
Spatial distribution of wintering raptors mirrors the local abundance of food supply (Newton 1990) . Indeed, Buzzards wintering in the study area settled preferentially in these habitats, which are known of high rodent abundance, e.g. papilionaceus crops, meadows, stubbles (Adamczewska-Andrzejewska et al. 1982) , and these Table 5 . Habitat preferences for ground-hunting and perch-hunting Buzzards (N = 226 and N = 409 individuals, respectively) expressed by Jacobs' selectivity Index (D). Data for the period November-February in three winter seasons (1993/94-1995/96) difference in proportion between ground-hunting and perch-hunting results are consistent with other studies (Jrrgensen 1986 , Eichstädt & Eichstädt 1991 , Sachteleben 1993 , Voříšek 1991 , Bijlsma 1996 , Schröpfer 1997 , Mülner 2000 , Kitowski 2000 , Kasprzykowski & Rzępała 2002 . Common features of these habitats are permanent soil surface (no ploughing over long period, which is extremely favourable for rodents), and low vegetation. High seed abundance on stubbles is also important. Characteristic of the observed buzzards distribution was a preference of habitats of the least amount in the studied area, which provides additional evidence of high importance of small landscape structures for the biodiversity protection in areas of intense agriculture (Schifferli 2001) . The Buzzard is a versatile predator using various hunting techniques, depending on prey, habitat, or weather conditions (Pinowski & Ryszkowski 1962 , Tubbs 1974 . However, perchhunting is still the principal method, and not surprisingly, perching was predominant type of behaviour among observed birds. The use of perching sites probably reflected the proportion of different substrates in the studied area (domination of trees, but large number of electricity structures along the route). The use of different tree heights by perching birds is probably influenced by social behaviour of Buzzards, especially tree-top perches are used as vantage points from which to watch other raptors -potential piracy victims (Bildstein 1987) or territory rivals (Weir & Piccozzi 1975 , Hohmann 1984 . Contrary to expectations, at the beginning of the breeding season in March an increased use of the highest part of the trees for perching (top and below the top combined) was not observed. Small proportion of hovering is characteristic for wintering Buzzards (Sylvén 1978 , Sachteleben 1993 , Melde 1995 , Kitowski 2000 , for the sake of high energetic costs of this type of flight (Norberg 1996) , not compensated by increased hunting success (Wuczyński 2001b) .
However, a technique whose importance in Buzzard foraging is underestimated, is hunting from the ground. In the Wrocław Plain the proportion of Buzzards sitting on the ground (34.6%) was among higher values obtained for Buzzards wintering in central Europe (Table 6 ). The frequent use of this technique seems to be supported by the following conditions: a) habitat features -Buzzards spend the winter period in open, arable landscapes, which are poor in suitable hunting perches. In some landscapes the shortage of perching sites may even limit the wintering density of raptors (Newton 1990) . From the other site, the lack of high and dense vegetation cover in arable areas enable Buzzards to hunt from the ground. Moreover, these habitats are often characterised by the best food supply, were also raptors concentrations are observed. For example in a plot of 4.2 km 2 dominated by stubbles (40%) in Western Czech Republic 66% of Buzzards were observed sitting on the ground (Schröpfer 1997) (Table 6 ); b) energetic profitability -hunting from the ground is more effective than perching (Wuczyński 2001b) , and probably cheaper, because each return flight to a perch is very expensive in winter. Müller et al. (1979) and Gamauf (1987) described ground foraging as an exceptionally effective method of hunting on rodents, particularly suitable for young, inexperienced Buzzards and dominating in years and habitats of the best food supply. Long-lasting observations of Buzzards foraging in the Wrocław Plain (A. Wuczyński, unpubl) revealed, that in suitable habitats the technique of hunting from the ground occurs many hours non-stop. Prey consumption occurs usually in the place of attack, in contrast to episodes of perch hunting, when Buzzards return with prey to the perch. Moreover, if other raptors hunt in close proximity, the successful ground hunting Buzzard tends to swallow the whole rodent without tearing it to pieces, as a defence against robbery. These facts also reduce the possibility that prey consumption episodes artificially increased the percentage of ground sitting Buzzards in this research.
The underestimation of the ground hunting mode probably results also from the fact, that most of previous research on Buzzard was done in the breeding season, thus in the period of intense vegetation, when plants are relatively high and dense. Hunting from the ground is rarely suitable in such conditions, as opposed to perching or hovering that, indeed, predominate in this period (A. Wuczyński, unpubl.) . Percentage of hovering and overall flying activities significantly increase already in March (Table 3) , also due to weather improvement. To sum up, in the conditions of a winter farmland (common scarcity of perches, poor and low vegetation, local and temporary prey concentrations), the ability to use the method of hunting from the ground seems to be one of 152 A. Wuczyński contributing factors, which enable Buzzards to survive the critical period of year. The study was carried out in the period of transformation of the Polish agriculture, but before its accession to the European Union. Although agricultural intensity in western Poland is much higher than in some other parts of the country, the studied area was still marked by a traditionally fragmented structure of agriculture: high habitat diversity, rich and well vegetated field margins, small fields. However, recently, the loss of these features is noticed and several indices of increasing agricultural intensity are observed, e.g. increased chemical input, changes in crops rotation, e.g. local dominance of maize, increased proportion of big holdings resulted in fields consolidation (Stankiewicz 2004) . As further intensification of these processes is expected in the future (Donald et al. 2002) , the data presented in this paper, documenting the former situation, may then become suitable for future comparisons.
